The performance of amnesic patients was assessed on five tasks, which have figured prominently in the development of animal models of human amnesia in the monkey. The amnesic patients were impaired on four of these tasks (delayed nonmatchingto sample, object-reward association, 8-pair concurrent discrimination learning, and an object discrimination task), in correspondence with previous findings for monkeys with bilateral medial temporal or diencephalic lesions. Moreover, performance of the amnesic patients correlated with the ability to verbalize the principle underlying the tasks and with the ability to describe and recognize the stimulus materials. These tasks therefore seem to be sensitive to the memory functions that are affected in human amnesia, and they can provide valid measures of memory impairment in studies with monkeys. For the fifth task (24-hour concurrent discrimination learning), the findings for the amnesic patients did not correspond to previous findings for operated monkeys. Whereas monkeys with medial temporal lesions reportedly learn this task at a normal rate, the amnesic patients were markedly impaired. Monkeys may learn this task differently than humans.
memory impairment in monkeys was selective in that the ability to acquire new skills was spared (Zola-Morgan & Squire, 1984) .
The development of the animal model has depended on behavioral tasks designed for the monkey, which are analogous to ones failed by human amnesic patients; for example, some tasks require monkeys to retain information across a delay or to learn multiple associations concurrently. Other tasks are designed to be analogous to ones that human amnesic patients can perform normally, for example, tasks of motor skill learning or pattern discrimination tasks, which resemble skill learning in that they involve repetition and incremental improvement over many trials. However, little information is available about how human amnesic patients would perform if they were given precisely the same tasks that have been used with monkeys (but see Aggleton, Nicol, Huston, & Fairbairn, in press; Oscar-Berman & Zola-Morgan, 1980a , 1980b ; and no information is available at all in the case of delayed nonmatching to sample, the task most widely used in studies of memory impairment in the monkey.
Would the tasks failed by monkeys with medial temporal or diencephalic lesions also be failed by amnesic patients? Would they be so easy for human subjects that only the most severely amnesic patients would fail them? Are the tasks that operated monkeys succeed at also ones that amnesic patients could perform normally? Whereas it is clear that motor-skill learning is intact both in monkeys with medial temporal or diencephalic lesions (Zola-Morgan & Squire, 1984) and in amnesic patients (Brooks & Baddeley, 1976; Cohen, 1981; Corkin, 1968) , certain other tasks that can be learned well by operated monkeys have not been given to amnesic patients.
Specifically, monkeys with medial temporal lesions can learn a 24-hour concurrent discrimination task (Malamut, Saunders, & Mishkin, 1984) , in which 20 object pairs are presented once daily and the same member of each pair is always rewarded.
The present study assessed the ability of amnesic patients to perform five different tasks that have figured prominently in the development of animal models of human amnesia in the monkey. Four of the tasks (delayed nonmatching to sample, object-reward association, 8-pair concurrent discrimination learning, and object discrimination) are failed by monkeys with bilateral medial temporal or diencephalic lesions (Aggleton & Mishkin, 1983b; Mahut, Zola-Morgan, & Moss, 1982; Mishkin, 1978; Phillips & Mishkin, 1984; Zola-Morgan & Squire, 1985a) . The fifth task (24-hour concurrent discrimination learning) can be successfully learned by monkeys with medial temporal lesions and has been considered to provide a measure of the kind of learning ability that is spared in amnesia (Malamut et al., 1984) .
Experiments IA and IB: Delayed Nonmatching to Sample

Method
Subjects
Patients with Koraakaffs syndrome. This group consisted of 3 men and 2 women (Patients Kl, K3, K.4, K5, and K6 in Squire & Shimamura, 1986) living in supervised facilities in San Diego County. They averaged 50.4 years of age during the final year of the study, had 12.2 years of education, and had an average full-scale Wechsler Adult Intelligence Scale (WAIS) score of 101.6 (WAIS-R score = 94.2). Their average Wechsler Memory Scale (WMS) score was 77.4, and the average WAIS -WMS difference score was 24.2 (range = 16 to 38). On the Wechsler Memory Scale-Revised (WMS-R), the average index scores were as follows: Attention and Concentration, 83.8; Verbal Memory, 70.8; Visual Memory, 69.2; General Memory, 63.4; Delayed Memory, 53.6. Descriptions of the following tests as well as scores for two control groups are presented in Squire and Shimamura (1986) . Scores for one of the control groups in that study (alcoholic subjects) are also included here to facilitate interpretation of the scores obtained by the amnesic patients.
For immediate and delayed (12 min) story recall, the patients averaged 4.0 and 0.0 segments, respectively (maximum score = 21 segments; alcoholics = 6.7 and 4.9). For copy and delayed (12 min) reconstruction of the Rey-Osterreith figure, they averaged 26.6 and 1.4, respectively (maximum score = 36; alcoholics = 28.9 and 16.4). For paired-associate learning (10 word pairs; see Jones, 1974) , the average total score after three study/test trials was 3.0 (maximum score = 30; alcoholics = 21.9). On the Rey Auditory Verbal Learning Test (15 words), free recall on five successive study/test trials was 3. 2, 4.0, 4.4, 4.8, and 4.8 . For yes/no recognition of 15 old words and 15 new words, the average scores on five successive study/test trials were 18.2, 23.0, 23.8, 25.2, and 26 .0. For free recall, alcoholics averaged 6.1, 8.0, 9.1,10.6, and 12.4; for recognition, they averaged 26.2, 29.4, 29.4, 29.8, and 29.9. The average Dementia Rating Scale score (Coblentz, Mattis, Zingesser, Kasoff, Wiesniewski, & Katzman, 1973) was 128.0 (maximum score = 144; alcoholics = 139.1), and the average score excluding the memory subscale score was 110.2 (maximum score = 119; alcoholics = 114.1). A high score on this test signifies good performance.
Additional amnesic cases. This group of 3 males (Patients AB, GD, and LM from Squire & Shimamura, 1986) had memory impairment resulting from either an anoxic or ischemic episode. They averaged 50.3 years of age, had 15.7 years of education, and had an average WAIS score of 116.3 (WAIS-R score = 107.3). Their WMS score averaged 92.3. The average WAIS -WMS difference score was 24. On the WMS-R, the average index scores were as follows: Attention and Concentration, 109.3; Verbal Memory, 78.3; Visual Memory, 85.3; General Memory, 76.3; Delayed Memory, 58.3. For immediate and delayed story recall, these 3 patients averaged 7.0 and 0.0, respectively. For copy and delayed reconstruction of the Rey-Osterreith figure, they averaged 31.3 and 7.2, respectively. For paired-associate learning, the average total score for three trials was 4.3. On the Rey Auditory Verbal Learning Test, free recall on five successive study/test trials was 4. 0, 5.7, 6.7, 6.0, and 5.7 . For yes/no recognition of 15 old words and 15 new words, the average score on five successive study/test trials was 26.0, 25.7, 25.7, 25.3, and 27 .3. The average Dementia Rating Scale score was 135.0; the average score excluding the memory subscale was 116.3.
This detailed description of the amnesic patients is intended to facilitate comparisons between this study and other studies that involve different patients or different etiologies of amnesia. However, our interest in the present study is in the overall performance of amnesic patients, not in possible differences between groups of patients. Accordingly, our data analysis presents all the amnesic patients together. The patients were tested on the tasks described in Experiments 1 to 5 during a 4-year period, 1982 to 1986.
Alcoholic control group. Two separate groups of alcoholic subjects were tested, one in Experiment 1A, and the other one in Experiment IB. All were current or former participants in alcoholic treatment programs in San Diego County. The first group (7 men and 1 woman) had an average drinking history of 19 years but had abstained from alcohol an average of 9 weeks prior to participating in the study. There was no history of liver disease or severe head injury (i.e., no episode of unconsciousness lasting more than 1 hour). They averaged 53 years of age, had 13.1 years of education, and had WAIS-R subtest scores of 18.6 for Information (18.9 for the amnesic patients) and 42.4 for Vocabulary (49.4 for the amnesic patients). On a test of story recall, they scored 5.9 for immediate recall and 4.9 after a 12-min delay.
The second group of alcoholic subjects (4 men and 2 women) had an average drinking history of 14 years, with an average of 1.3 years of abstinence prior to the present study. They averaged 55 years of age, had 13 years of education, and had WAIS-R subtest scores of 19.0 for Information and 43.2 for Vocabulary. On immediate and delayed story recall, they scored 6.3 and 6.0, respectively.
Materials
A table-top version of the Wisconsin General Testing Apparatus (WGTA) was constructed for use with human subjects (Oscar-Berman & Zola-Morgan, 1980a) . The WGTA was placed on a table between the experimenter and the subject. An opaque sliding screen could be raised by the experimenter to reveal a stimulus tray (53 X 28 cm), which could then be slid forward within reach of the subject. The stimulus tray consisted of three reinforcement wells equidistant from each other. The stimuli consisted of easily discriminable junk objects (e.g., a toy gun, a yogurt container, and a plastic block).
Procedure
Experiment IA. Subjects were first trained during a single session on the basic version of the delayed-nonmatching-to-sample task. Subjects were instructed that each time the screen was raised, a penny would always be under one of the objects, and that they should try to obtain the penny every time. Each trial consisted of two parts. First, a single object was placed over the central well covering a penny reward. The screen was then raised, and the subject was able to displace the object and retrieve the penny. After a delay of 5 s with the screen down, the original object and a second, novel object were presented, each covering a lateral well of the stimulus tray. The penny was always under the novel object. A new pair of objects was used for every trial (intertrial interval = 5 to 10s), and the position of the novel object (left or right) varied according to a pseudorandom schedule (Gellermann, 1933) . The two objects for each trial were drawn randomly from a pool of 100 junk objects. Trials continued until a subject achieved a learning criterion of 9 correct out of 10 consecutive trials. At that point, they were asked to state in their own words the principle that determined where the penny was hidden (e.g., "The penny is always under the new object.").
On the following day, subjects were retrained on the basic task to a criterion of 9 correct out of 10 trials. At that point, they were again asked to state the principle that determined the placement of the penny. Subjects were then given 50 additional trials, which required that they remember the sample stimulus across delays of up to 60 s.
The 50 trials consisted of 10 trials with a 5-s delay, 20 trials with a 15-s delay, and 20 trials with a 60-s delay. Half of the 15-s and 60-s delays were filled with a distraction task, which involved placing groups of random numbers into correct numerical order. The five kinds of trials (5-s delay, 15-s unfilled delay, 15-s filled delay, 60-s unfilled delay, and 60-s filled delay) were presented in a mixed fashion, such that each kind of trial was distributed evenly through the 50 trials. After all 50 trials were completed, subjects were asked a final time to state the principle that determined the placement of the penny.
Experiment IB. This experiment was designed to assess how well patients could remember the sample object across a delay, independently of their ability to remember the nonmatching principle. To accomplish this objective, a card stating the principle was given to the subjects during testing. In addition, nonmatching-to-sample performance was tested on 2 consecutive days: first without a distraction task and then with the same distraction task used in Experiment IA. Thus, on the first day, no distraction task was used and all the delays were unfilled. On the second day, just as in Experiment IA, half of the 15-s and 60-s delays were filled with a distraction task. On average, 40.6 months (range = 8 to 49) elapsed between Experiments IA and I B. During this interval, the amnesic patients had received additional testing on delayed nonmatching to sample, using various experimental designs, such that when Experiment IB began, they had received an average of 473 trials on the task (range = 157 to 1,149).
Subjects were first trained on the basic task as before, with a delay of 5 s. At that point, they were given a card stating the principle, and the card remained in view throughout the remainder of testing. The card read, "When there are two objects, the penny will always be under the novel object, not the one you just saw." With the card in place, subjects were given 50 additional trials in mixed order: 10 trials with a 5-s delay, 20 trials with a 15-s delay, and 20 trials with a 60-s delay. No distraction tasks were used on this test day.
On the following day, subjects were tested again in the identical way, except that now some of the delays were filled with a distraction task. Thus subjects were trained to criterion, given the card, and then given 50 additional trials in mixed order: 10 trials with a 5-s delay, 10 trials with a 15-s unfilled delay, 10 trials with a 15-s filled delay, 10 trials with a 60-s unfilled delay, and 10 trials with a 60-s filled delay. (The distraction task in this case involved sorting junk objects rather than ordering random numbers).
A final test was carried out with the same amnesic patients to determine whether the information provided on the card was essential to sustain performance, or whether (with all the practice they had received) patients could perform reliably based on the nonmatching principle. This final test was given 6.3 months later (range = 3 to 8), and patients were tested in the same manner as before, except that now the card stating the nonmatching principle was not provided. At this time, the amnesic patients had received an average of 603 total trials on delayed nonmatching to sample (range = 277 to 1,274).
Patients were first trained on the basic task to a criterion of 9 out of 10 correct trials and then asked to state the principle that determined the location of the penny. On the second day, they were retrained on the basic task to criterion performance and again asked to state the nonmatching principle. They were then given 50 additional trials in mixed order: 10 trials with a 5-s delay, 20 unfilled trials with a 15-s delay, and 20 unfilled trials with a 60-s delay. No distraction tasks were used on this test day.
On the following day, patients were tested again in an identical way, except that some of the delays were now filled with a distraction task. Thus, they were trained to criterion, asked to state the principle, and then given 50 additional trials in a mixed order: 10 trials with a 5-s delay, 10 trials with a 15-s unfilled delay, 10 trials with a 15-s delay (with the distraction task described in Experiment 1 A), 10 trials with a 60-s unfilled delay, and 10 trials with a 60-s delay (and distraction task). At the completion of these 50 trials, subjects were asked to state the principle a final time.
Results
Experiment IA
All subjects reached the learning criterion for the basic task on the first test day, with a delay of 5 s between presentation of the sample and the choice. The alcoholic subjects took a median of 1 trial to reach criterion (not including the run of 9 out of 10 correct criterion trials); the amnesic patients required 29 trials (p < .05). On the next day, the alcoholic subjects required 0 trials to reach criterion; the amnesic patients required 9 trials (p = .05). When the delay between presentation of the sample and the choice was then varied between 5, 15, and 60 s, the amnesic patients were markedly impaired ( Figure 1) . A 2 x 3 analysis of variance (ANOVA; Groups x Unfilled Delays) revealed a significant effect of group, F(l, 14) = 19.1, p < .001, but no effect of delay and no interaction, ps > . 1. These findings show that the amnesic patients were impaired to an equivalent extent across all the delay intervals. They did achieve 90% correct performance on 2 consecutive days during training on the basic task.
However, they were unable to sustain this level of performance during 50 succeeding trials, even on those trials when the delay interval was the same (5 s) as had been used during initial training.
A 2 x 2 x 2 ANOVA (Groups x Delays x Conditions; distraction task vs. no distraction task) confirmed the difference between the two groups, F(l, 14) = 31.0, p < .001, but revealed no other main effects and no interactions, ps > . 1.
In particular, performance was no different across unfilled delays than across delays that were filled by the distraction task. 
Experiment IB
The basic task was learned rapidly by both groups (alcoholics: median = 0 trials; amnesics: median = 0.5 trials), and from this point on, no group required a median of more than one trial to reach criterion. Figure 2A shows performance when no distraction task was given, once when the nonmatching principle was provided on a card during testing (solid lines) and once 6 months later when the principle was not provided (dashed lines). The figure shows that the amnesic patients performed almost identically whether or not the card was provided (p > .1). For the amnesic patients, a 2 x 3 repeated measures ANOVA (Testing Occasions x Unfilled Delays) revealed a significant effect of delay on nonmatching performance, F(2,14) = 5.8, p<.05. Performance was normal at the 5-s delay and poorer at the longer delays. In addition, on each of the two testing occasions, the amnesic patients and the alcoholic subjects performed differently across the delays. The Group x Delay interaction was significant for the first set of scores (solid lines, nonmatching principle available on a card) obtained by the amnesic patients, F(2, 24) = 4.3, p < .05, and just short of significance for the second set of scores (dashed lines, nonmatching principle not available) obtained by the amnesic patients, F(2, 24) = 3.0, p < .07. Figure 2B shows the results on the following day when a distraction task was given during half of the 15-s and 60-s delay intervals. For the amnesic patients, a 2 x 3 repeated measures ANOVA (Testing Occasions x Unfilled Delays) revealed a significant effect of delay, F(2, 14) = 4.0, p < .05. Performance was good at the 5-s delay and poorer at the longer delays. In addition, the amnesic patients performed more poorly overall than the control subjects. This difference was significant in the case of the first set of scores (solid lines) obtained by the amnesic patients (2 groups x 3 unfilled delays), F(\, 12) = 10.3, p < .01. The same comparison fell just short of significance in the case of the second set of scores (dashed lines) obtained by the amnesic patients, F(l, 12) = 3.6, p < .08. The Group x Delay interactions did not reach significance, Fs < 2.0, ps > 0.1. Figure 2B shows that just as in Experiment 1 A, performance on filled and unfilled trials was about the same. Thus, in one sense, the distraction task had no measurable effect on nonmatching performance. However, the distraction task did have an overall disruptive effect on performance. That is, simply presenting the distraction task during some of the delay intervals impaired performance across all the delay intervals. This point follows from a comparison of Figures 2A and 2B. Amnesic patients performed better (average of 3 delays = 91.1%, Figure 2A ) when no distraction tasks were presented during the test day than they did when distraction tasks were included (average of 3 delays = 82.1 %, Figure 2B ). This difference was significant in the case of the first set of scores (solid lines) obtained by the amnesic patients, F(\, 17) = 16.0, p < .01, and just short of significance in the case of the second set of scores (dashed lines), F(l,7) = 4.7, p < .07.
Effect of the Distraction Task
Effect of Practice
Although the amnesic patients performed poorly across all three delay intervals when they were first tested on the nonmatching-to-sample task (Figure 1 ), they performed better when they were tested for the last time (Figures 2A and 2B , dashed lines). The fairest comparison is between the data for the amnesic patients in Figures 1 and 2B (dashed lines), which were collected under identical conditions but with several hundred intervening test trials on the nonmatching task. Overall, averaging across the five conditions (three unfilled delays and two filled delays), the patients initially averaged 66.0% correct (Figure 1 ) and later averaged 81.5% correct ( Figure 2B , dashed lines), F(l, 7) = 3.4, p < .10. When they were last tested ( Figure 2B , dashed lines), the amnesic patients seemed able to perform reliably on the basis of the nonmatching principle, and performance was now influenced by the length of the delay interval.
Verbalizing the Principle for Delayed Nonmatching to Sample
Subjects were asked to state the nonmatching principle a total of 8 times during the course of testing. The ability to verbalize the principle paralleled performance on the task itself. Thus every alcoholic subject was able to state the principle on every occasion that it was asked for. By contrast, only 1 amnesic patient was able to state the principle consistently. In addition, within the amnesic group, those who were able to state the principle performed better than those who could not state it. When performance was averaged across all the conditions on which the amnesic patients were tested (excluding the tests on which they were provided with the principle on a card), the correlation between nonmatching performance and the ability to state the nonmatching principle was r= .71 (p<.05).
Experiment 2: Object-Reward Association
Method Subjects Amnesic patients. This group consisted of the 8 patients tested in Experiment 1 plus an additional 2 patients with KorsakofPs syndrome (I male and 1 female). They were 59 and 76 years of age when they completed testing in 1984, they had 16 and 12 years of education, and they had WA1S scores of 103 and 101 (WAIS-R scores of 95 and 94, respectively). Their WMS scores were 64 and 80, and their WAIS -WMS difference scores were 39 and 21. WMS-R scores are not available for these two patients. In addition, these 2 patients averaged 2.7 and 0.5 for immediate and delayed story recall, 2.8 for three trials of paired-associate learning, and 31.0 and 2.5 for copy and delayed reconstruction of the Rey-Osterreith figure.
Alcoholic control group. This group consisted of 11 men who were current or former participants in alcoholic treatment programs in San Diego County. They had an average drinking history of 21.5 years and had abstained from alcohol an average of 5 weeks prior to participating in this study. They averaged 50.5 years of age, had 13.4 years of education, and had WAIS-R subtest scores of 22.4 for Information (18.4 for the 10 amnesic patients) and 56.9 for Vocabulary (48.6 for the amnesic patients). They averaged 7.1 on the test of immediate story recall and 6.2 after a 12-min delay.
Materials
Stimuli were presented in the WGTA (see Experiment 1).
Procedure
Each trial consisted of three parts. First, an object was placed over the center well of the stimulus tray. The screen was then raised, and the subject displaced the object. Then, after 5 s with the screen lowered, a second object was presented. One of the two objects always had a penny hidden beneath it. Finally, after another 5-s delay, the same two objects were presented together, each covering a lateral well of the stimulus tray, and a penny placed beneath the previously rewarded object. On each trial, a new pair of objects was used (intertrial interval = 5 to 10s), and the position of the rewarded object on the choice phase (left or right) was varied according to a pseudorandom schedule (Gellermann, 1933) . The two objects for each trial were drawn randomly from a pool of 100 junk objects. Subjects were trained on this basic task to a learning criterion of 9 out of 10 consecutive trials correct or until 200 trials had been given. When subjects reached criterion performance (or the 200-trial limit), they were asked to state the principle that determined placement of the penny: "When there are two objects, the penny will always be under the object that had the penny under it before."
On the next day, subjects were again trained to criterion on the basic task (or to the 200-trial limit) and were once again asked to state the principle. (One subject who completed 200 trials without reaching criterion on either day was told the principle at this point and then given 10 additional trials to verify that it was understood.)
Immediately afterwards, subjects were given 50 trials: 10 trials with a 5-s delay, 10 unfilled trials with a 15-s delay. 10 filled trials with a 15-s delay, 10 unfilled trials with a 60-s delay, and 10 filled trials with a 60-s delay. The order of the trials and the filler task were the same as in Experiment IA.
Results
The results are shown in Figure 3 . Subjects learned the basic task on the first day (trials to criterion, not including the run of 9 out of 10 correct criterion trials: alcoholic subjects, median = 1 trial; amnesic patients, median = 5.5 trials; p > .1). On the next day, subjects relearned the task (alcoholic subjects, median = 0 trials; amnesic patients, median = 2.5 trials; p > .1). When the delay between presentation of the second object and the choice trial was then varied between 5, 15, and 60 s, the amnesic patients were markedly impaired. A 2 x 3 ANOVA (Groups x Unfilled Delays) revealed a significant effect of group, F(l, 19) = 19.5, p < .01, an effect of delay, F(2, 38) = 5.1, p < .02, and a Group x Delay interaction, F(2, 38) = 5.0, p < .02. These findings show that the amnesic patients were impaired overall and that the impairment increased as the delay increased. 
Effect of the Distraction Task
A second ANOVA evaluated the effects of the distraction task, which was included in half of the 15-s and 60-s delay intervals (2 groups X 2 delays X 2 conditions [distraction task vs. no distraction task]). The effects of group and distraction condition were significant, Fs(\, 19) > 8.2, ps< .01. The only significant interaction was the effect of Group x Distraction Condition, F(l, 19) = 7.3, p < .05. These results show that performance was adversely affected by the distraction task and that the amnesic patients were affected by distraction more than the control subjects.
Verbalizing the Principle for Object-Reward Association
The ability to state the principle that determined the location of the penny was related to performance on the objectreward-association task itself. Thus every alcoholic subject was able to state the principle correctly both times that it was asked for. By contrast, only 5 of the 10 amnesic patients were able to state it consistently, and 4 patients were never able to state it. (One patient could state the principle on one occasion but not on the other.) To evaluate these observations statistically, each subject was assigned a score representing the number of times that the principle could be stated (0, 1, or 2). The difference between the amnesic and alcoholic groups was significant, i(19) = 3.0, p < .01.
In addition, within the amnesic group, those who were able to state the principle tended to perform better than those who could not. Thus, averaging performance across all five test conditions (3 unfilled intervals and 2 Slled intervals), the 5 patients who were always able to verbalize the principle scored 81% correct, and the other 5 patients scored 69% correct. One patient in the latter group had been told the principle after failing twice to reach criterion on the basic task within the 200-trial limit and twice failing to state the principle. When this individual was excluded, the 4 remaining patients who were unable to state the principle averaged 62% correct, and the difference (81 % vs. 62%) fell just short of significance, r(7) = 2.2, p = .06. Alcoholic control group-This group (7 males and 1 female) consisted of current or former participants in alcoholic treatment programs in San Diego County. They had an average drinking history of 24 years but had abstained from alcohol for 30.5 weeks prior to participating in the study. They averaged 48.6 years of age, had 11.6 years of education, and had WAIS-R subtest scores of 17.9 for Information and 46.3 for Vocabulary (18.4 and 48.6, respectively, for the 10 amnesic patients). For story recall, they scored 8.0 and 7.0 on immediate recall and I2-min delayed recall, respectively.
Materials
Procedure
Days 1-3. Eight pairs of junk objects were used. On each trial, subjects saw a pair of objects covering the lateral wells of the stimulus tray. One of the two objects had been arbitrarily designated as the positive object, and that object could be displaced to reveal a penny reward. The same object remained correct throughout testing, and the position of the correct object (left or right) varied according to a pseudorandom schedule (Gellermann, 1933) . The eight parrs were presented in a mixed fashion, so that the eight different discriminations had to be learned simultaneously. Each pair was presented 5 times each day. Testing consisted of 3 consecutive daily sessions of 40 trials each (intertrial interval = 5 to 10 s). At the end of testing on the third day, subjects were asked to state the principle that determined where the penny was hidden; for example, "The penny will always be under the same, previously rewarded object of each pair." Subjects were also asked how many diiferent pairs of objects they had seen, and they were asked to describe any of the objects they could remember.
Day 30. Thirty days after Day 3, subjects were given 40 additional trials with the same eight pairs, following the same procedure described above.
Day 37. Seven days later, subjects were given a recognition test for the eight pairs of objects. On each of 16 trials, one object that had been used in the task (one of the eight correct or eight incorrect objects) was placed together with two other objects that had not been seen before. The position of the familiar object on the tray was random, as was the order of presentation of the objects. Subjects were asked in each case to identify the familiar object.
Results
The results are shown in Figure 4 . The amnesic patients were impaired at learning eight object discriminations con- currently during three consecutive days of testing, F(l, 14) = 5.2, p < .05, and performance was similarly impaired on the 30-day retention test, «(14) = 3.2, p< .01. Nevertheless, the amnesic patients were capable of some learning, as indicated by the fact that on Day 30, they performed significantly above chance, ((9) = 2.7, p < .05. Finally, on Day 37, the amnesic patients were impaired on a test that asked them to recognize each of the 16 objects they had previously seen, ;(14) = 2.2, p<.05.
At the end of the third day of testing, when subjects were asked to verbalize the principle that determined where the penny was hidden, 5 of the 6 control subjects, but only 3 of the 10 amnesic patients, correctly stated that the penny was always under the same object. In general, the ability of subjects at this time to answer questions about the task (specifically, how many pairs of objects had been presented and what objects had been presented) paralleled performance on the discrimination task itself. Thus, at the end of the third day of testing, the control subjects reported that 6.0 different object pairs had been presented (range = 5 to 12), and the amnesic patients reported that 13.7 different object pairs had been presented (range = 5 to 50). Similarly, the control subjects successfully described an average of 8.0 of the 16 objects (range = 5 to 12), whereas the amnesic patients could describe only 3.7 of them (range = 0 to 7), ((14) = 3.7, p < .01.
Finally, within the amnesic group, the ability at the end of the third test day to answer the two questions about the task (How many pairs of objects? What were the objects?) was correlated with the score obtained up to that point on the discrimination task, that is, during the first 3 days of testing. The Spearman rank-order correlations were r -.43 (percent correct score on the discrimination test vs. accuracy on the question of how many object pairs had been presented) and r = .50 (percent correct score on the discrimination test vs. the number of objects described correctly). When the data for these two questions were combined by averaging the two ranks assigned to each patient, the ability of the patients to answer the questions correlated significantly with their scores on the discrimination test (r = .7l,p< .05).
Experiment 4: Object Discrimination Learning
Method
Subjects
Amnesic patients. This group consisted of the same 7 patients with KorsakofP s syndrome tested in Experiments 2 and 3 and 2 of the 3 amnesic patients (AB and GD) described in Experiment 1.
Alcoholic control group. This group consisted of 13 men and 1 woman who were current or former participants in alcoholic treatment programs in San Diego County. They had an average drinking history of 18.1 years but had abstained from alcohol an average of 7.1 weeks prior to participating in this study. They averaged 51.2 years of age, had 12.8 years of education, and had WAIS-R subtest scores of 19.4 for Information (17.9 for the amnesic patients) and 44.7 for Vocabulary (47.2 for the amnesic patients). They scored 6.9 and 6.5, respectively, on tests of immediate and delayed story recall.
Materials
The stimuli were presented in the WGTA (see Experiment 1).
Procedure
Subjects learned in sequence three different object discriminations, involving three different pairs of easily discriminable junk objects.
For each pair, one object was positive and was consistently rewarded throughout testing. Subjects were told that each time the screen was raised, a penny would always be under one of the two objects, and that they should try to obtain the penny every time. The screen was then raised, and the subject could obtain a penny by displacing the positive object. The placement of the positive object over either the left or right lateral well of the stimulus tray was pseudorandomized (Gellermann, 1933) . Testing continued with an intertrial interval of 5 to 10 s until a run of 9 correct out of 10 consecutive trials was achieved. The next day, subjects were again retrained to the criterion of 9 out of 10 correct trials. Training on the second pair of objects began one week later, following the same procedure. Subjects were trained to criterion during one day of testing, and on the next day they were retrained to the same criterion. Finally, one week later, the third pair of objects was presented. The procedure for this third pair of objects was the same as for the first two pairs, except that 9 to 11 days intervened between training and retraining.
Results
Amnesic patients took longer to acquire the first object discrimination than did control subjects (trials to criterion, not including the run of 9 out of 10 correct criterion trials: amnesic patients, median = 17 trials; alcoholic subjects, median = 4 trials; p = .05). Relearning the same object pair one day later also took longer for the amnesic patients than the control subjects (amnesic patients, median = 2 trials; alcoholic subjects, median = 0 trials; p < .01). Apparently, subjects readily acquired the principle that one of the two objects was consistently rewarded. As a result, the second and third object pairs were learned (and relearned) quickly by both groups in a median of 0 trials to criterion. (Because one error is permitted in a run of 9 out of 10 criterion trials, a subject who makes one error would be scored as reaching criterion in 0 trials.) If a subject understands the principle governing discrimination learning, no more than one error should ever be made in learning any discrimination pair. The first trial serves as an instruction trial to indicate which member of the pair is the rewarded one, and performance should be correct after the first trial.
Given these characteristics of object discrimination tasks, the performance of amnesic patients is best evaluated by considering the first trial of the retention test. Figure 5 shows results for all three object discrimination tasks. The alcoholic subjects averaged 77% correct on the first trial of the three retention tests (71.4%, 78.6%, and 78.6% for each of the three object pairs), whereas the amnesic patients averaged only 51.9% correct (55.6%, 55.6%, and 44.4%). This difference between the two groups was significant, F(l, 21) = 4.1, p < .05. Thus the alcoholic control subjects exhibited differential choice behavior on the first trial of the retention tests, but the amnesic patients responded at chance levels.
Experiment 5: 24-Hour-Concurrent-Discrimination Learning
Method
Subjects
Amnesic patients. Two groups of amnesic patients were tested. The first group consisted of 3 patients with Korsakoff s syndrome described in Experiment 1 (Patients K3, K4, and K5) and the additional male Korsakoff patient described in Experiment 2. The second group consisted of 3 patients with KorsakofFs syndrome described in Experiment 1 (Patients Kl, K4, and K6) and the additional female Korsakoff patient described in Experiment 2.
Alcoholic control group. This group consisted of 4 men who were current or former participants in alcoholic treatment programs in San Diego County. They had an average drinking history of 23.4 years but had abstained from alcohol an average of 2.8 weeks prior to participating in this study. They averaged 54.8 years of age, had 13.3 years of education, and had WAIS-R subtest scores of 18.3 for The interval between learning and retention was 1 day for Pairs 1 and 2, and 10 days for Pair 3. ALC = alcoholics, « = 14; AMN = amnesics, n = 9.) Information and 51.3 for Vocabulary (18.3 and 45.8, respectively, for the first group of amnesic patients). On immediate and delayed story recall, they scored 7.5 and 5.5, respectively.
Materials
Procedure
The first group of 4 amnesic patients and the alcoholic control group were trained on 20 object pairs simultaneously, according to the procedure of Malamut, Saunders, and Mishkin (1984) . During daily sessions, each of the 20 object pairs was presented only once. One object of each pair was designated the positive object and was rewarded throughout testing. The 20 pairs were always presented in the same order. On each day, 10 of the correct objects were on the left and 10 were on the right. The position of the rewarded object (left or right) during the 20 trials of each day was varied according to a pseudorandom schedule (Gellermann, 1933) . Subjects were instructed only that each time the screen was raised, a penny would be under one of the objects, and that they should try to obtain the penny every time. Alcoholic control subjects were tested 5 days a week, Monday through Friday, until they had received 8 days of training. Amnesic patients were similarly tested 5 days each week until they had received 20 days of testing. Because the amnesic patients had exhibited little improvement by the end of the first 10 days of testing, on Test Day 11 they were given a card that stated the principle governing the placement of the penny: "The penny will always be under the object that has been rewarded previously." This card was placed in front of the amnesic patients during Test Days 11 to 20.
On another occasion, separated by 24 months, the second group of 4 amnesic patients received training for 15 days (5 days each week for 3 consecutive weeks) on 20 simultaneous pattern discriminations. The procedure was identical to the one just described, except that 20 pairs of geometric figures or nonsense shapes were used instead of 20 object pairs. Subjects were told only that they should try to obtain the penny on every trial. The figures were taken from a test of nonverbal memory described by Kimura (1963) and were copied onto 7.6 X 12.7-cm white cards.
Results
The results are shown in Figure 6 
General Discussion
The results can be summarized by the statement that the amnesic patients were impaired on all five tasks. Four of the tasks (delayed nonmatching to sample, object-reward association, 8-pair concurrent discrimination learning, and object discrimination learning) are also performed poorly by monkeys with surgical lesions that reproduce the pattern of brain damage found in amnesic patients. The fifth task (24-hour concurrent discrimination learning) can be learned well by operated monkeys. The findings for each task will be discussed separately.
Delayed Nonmatching to Sample
Amnesic patients were initially tested in a condition where delay trials filled with a distraction task were mixed with unfilled delay trials. On this test, patients were markedly impaired on both distraction and no-distraction trials, and the impairment was equivalent across all three delays ( Figure  1 ). The finding that performance was poor even at the 5-s delay, and that performance did not vary as a function of the delay interval, suggested that patients tended to forget the nonmatching principle. That is, performance may have been determined by whether patients could remember the nonmatching principle (choose the novel object), irrespective of how well they could remember the sample object across a delay.
Approximately 4 years later, after several hundred trials of intervening practice on the nonmatching problem (and on the day following a test day without any distraction trials), the amnesic patients were tested again in the identical way: delay trials filled with a distraction task were mixed with unfilled delay trials. At this time ( Figure 2B , dashed lines), patients were able to perform reliably on the basis of the nonmatching principle. They performed well at short delays, and they were impaired at long delays.
Thus the performance of the amnesic patients improved with practice. On the first occasion that they were tested (Figure 1 ), they performed poorly regardless of the delay interval (5 s to 60 s). After intervening practice, however, they performed well at the 5-s delay, and performance at longer delays was related to the delay interval ( Figure 2B ). The poor performance exhibited initially by the patients contrasts with the performance exhibited by operated monkeys the first time that they were tested (see Zola-Morgan & Squire, 1985, Figure  6 ). Indeed, the monkeys performed rather like the amnesic patients who had been given additional practice on the task (Figures 2A and 2B ): they scored well at the shorter delays and poorer at the longer delays.
One explanation for this observation may lie in the fact that amnesic patients initially reached criterion on the basic task, with a 5-s delay, in relatively few trials (median = 29). When delays were then extended beyond 5 s, performance on the nonmatching task may have deteriorated, because the nonmatching principle was not sufficiently well learned. Operated monkeys typically require hundreds of trials on the same basic task in order to reach learning criterion. The greater amount of training given the monkeys may benefit them when the delays are subsequently extended beyond 5 s. In addition, when operated monkeys are tested on delayednonmatching-to-sample task, the delays are typically extended gradually and distraction tasks are not used. By contrast, the amnesic patients in the present study were not presented delays in a gradually increasing fashion. They were given a mixture of different delays, some of which included an interpolated distraction task. This difference between the procedures used for testing patients and monkeys may have contributed to the relatively poor performance by the patients when they first encountered the delays. Another finding was that the distraction task disrupted performance of amnesic patients on the unfilled as well as on the filled trials. Thus performance on unfilled trials was poorer on a test day that included distraction trials ( Figure 2B ) than on a preceding test day without any distraction trials ( Figure  2A ). Stated differently, the disruptive effects of the distraction task spilled over onto the unfilled trials of the same test session. The question arises whether this finding is a reflection of the amnesic deficit itself, or whether it could reflect other cognitive deficits that sometimes occur in memory-impaired patients. Patients with Korsakoff s syndrome exhibit cognitive deficits not found in other etiologies of amnesia (Squire, 1982) . Is the disruptive effect of the distraction task on unfilled trials limited to patients with Korsakoffs syndrome?
This possibility can be ruled out on two grounds. First, the phenomenon was observed not only in 6 patients with Korsakoffs syndrome but also in 3 other patients who had amnesia resulting from an anoxic or ischemic episode. These patients appear to have a more circumscribed memory impairment than the patients with Korsakoffs syndrome (Squire & Shimamura. 1986 ). Second, we had the opportunity to observe the same phenomenon during separate testing of Patient R. B., who had memory impairment associated with a bilateral lesion limited to the CA1 field of hippocampus (Zola-Morgan, Squire, & Amaral, 1986) . This individual had no detectable cognitive deficit except amnesia. R. B. initially required eight trials to acquire the basic nonmatching-tosample task. He then performed poorly when distraction and no-distraction trials were presented in a mixed design (50%, 40%, and 40% correct, for unfilled delays of 5 s, 15s, and 60 s, respectively; 40% and 60% for filled delays of 15 s and 60 s). One month later, after having received a total of 158 trials on the nonmatching problem, R. B. was tested without any distraction task. His scores improved (100%, 100%, and 90% at 5-s, 15-s, and 60-s unfilled delays, respectively); and he performed similarly to the amnesic patients in the present study, when they were tested in the same condition ( Figure  2A, dashed lines) . However, on the following day, when a distraction task was included for half of the 15-s and 60-s delays (as in Figure 2B , dashed lines), R. B. again performed poorly: 70%, 80%, and 40% at the 5-s, 15-s, and 60-s unfilled delays; 60% and 60% at the 15-s and 60-s filled delays. Thus the disruptive effect of the distraction task on nonmatchingto-sample performance is observed in patients other than those with Korsakoffs syndrome. Moreover, the effect appears to be related to amnesia and not to other cognitive deficits.
In summary, the performance of amnesic patients corresponded to the performance of monkeys with medial temporal (Mahut, Zola-Morgan, & Moss, 1982; Mishkin, 1978; ZolaMorgan & Squire, 1985a) or diencephalic (Aggleton & Mishkin, 1983a , 1983b Zola-Morgan & Squire, 1985b) lesions. Performance of amnesic patients resembled that of operated monkeys both when no distraction task was used (Figure 2A ; this is the standard method for administering the delayed nonmatching-to-sample task to monkeys) and also when a distraction task was used ( Figure 2B ; compare to Zola-Morgan & Squire, 1985a, Figure 5 ). Performance was normal or close to normal at the short (5 s) delay, and it was increasingly impaired as the delay interval was lengthened.
Object-Reward Association
After learning the basic object association task with a 5-s delay, the amnesic patients exhibited an impairment that increased with the length of the delay (Figure 3 ). In addition, distraction had a small but significant effect on performance. Unlike the results for the delayed-nonmatching-to-sample task, once the basic object association task was acquired, with a 5-s delay, the distraction task did not disrupt performance equally across all three delays and across both filled and unfilled delays. Instead, performance was poorer at the long delays than at the short delays, and performance was poorer across filled intervals than across unfilled intervals. In correspondence with these findings in patients, monkeys with diencephalic lesions also exhibited impairment on this task across delays (Aggleton & Mishkin, 1983b) . Moreover, monkeys with medial temporal lesions were impaired at acquiring this task (Phillips & Mishkin, 1984) ; data are not yet available for delays.
Eight-Pair Concurrent Discrimination Learning
Amnesic patients were markedly impaired at learning the eight object pairs during 3 days of testing, and they were impaired in a relearning test 1 month later. In addition, the amnesic patients performed poorly on a test that required them to recognize the 16 objects that had been used during testing. These findings extend to other kinds of amnesic patients an earlier observation that patients with Korsakoffs syndrome were impaired at concurrent visual discrimination learning (Oscar-Berman & Zola-Morgan, 1980b ). The present findings also parallel the finding that monkeys with medial temporal lesions ZolaMorgan & Squire, 1985b) are impaired on this same 8-pair concurrent discrimination tasl
Object Discrimination
Amnesic patients were impaired at learning the first of three object discrimination problems. This finding confirms and extends the report that patients with Korsakoffs syndrome were impaired at learning the first two in a series of object discrimination problems (Oscar-Berman & Zola-Morgan, 1980b) . The present findings also show that amnesic patients performed at chance levels on the first retention trial for all three problems. Thus they were not able to remember which object had previously been rewarded.
This finding for the object discrimination task contrasts with an informal observation made by Gaffan (1972) , which had suggested that a two-object discrimination problem could be remembered normally. However, his observation was based on one amnesic patient and one discrimination problem. In our study of nine patients and three discrimination problems, the results showed clearly that amnesic patients tended to forget from one day to the next which of two objects had been associated with reward. Moreover, these results correspond to the finding that monkeys with medial temporal lesions Zola-Morgan & Squire, 1985a) were impaired at learning and retaining object discrimination problems.
Twenty-Four-Hour Concurrent-Discrimination Learning
Amnesic patients evidenced no ability to learn 20 object pairs when the 20 pairs were all presented once daily. Thus the findings for patients differ from the findings for monkeys with medial temporal lesions, who successfully acquired the 20-pair concurrent problem (Malamut et al., 1984) . It has been proposed that the ability to learn this task depends on a kind of memory (i.e., a habit system) different from the kind of memory subserved by the medial temporal region (Malamut et al., 1984) . Although monkeys with medial temporal lesions did not learn this task at a normal rate when they were first tested (mean test days to criterion for four medial temporal monkeys = 16 days; mean test days to criterion for four normal monkeys = 10 days; p = .014), the monkeys did subsequently achieve normal learning scores on another set of 20 object pairs (mean = 10 days for the medial temporal group; mean = 8 days for the normal group). By contrast, amnesic patients exhibited little or no improvement on this task during 20 test days.
Monkeys and humans may approach this task differently. Although monkeys may be able to acquire this task incrementally in a skill-like way, humans appear to approach the task in the same way that they learn a list of paired associates; that is, for humans, the task appears to be a task of declarative memory, in which an explicit attempt is made to memorize the correct stimuli. The finding with amnesic patients does not of course exclude the possibility that the concurrent task could in principle be acquired by amnesic patients; for example, successful learning might be achieved with a much greater than 24-hour interval between test sessions, so that a declarative learning strategy would not so readily be engaged.
Do the Tasks Failed by Amnesic Patients Require Declarative Memory?
Three of the tasks in the present study (delayed nonmatching to sample, object-reward association, and 8-pair concurrent learning) included measures to assess the extent to which amnesic patients acquired explicit knowledge about the task that they were performing. In addition, one task (8-pair concurrent learning) included a task of recognition memory. If amnesic patients can perform above chance levels because they have acquired a skill (i.e., procedural knowledge), then they should not be able to display much explicit knowledge about what they have learned. They should not be able to state the principle that determined which responses were rewarded, or describe the materials they saw, or recognize them as familiar. Alternatively, if amnesic patients perform above chance because they have acquired some declarative knowledge, albeit less than control subjects, then whatever learning is possible should be accompanied by explicit, declarative knowledge about the task. We found that the performance of amnesic patients was consistently related to their ability to verbalize the principles of the tasks. Moreover, in 8-pair concurrent learning, performance was related as well to the ability to describe and recognize the test materials. These findings are consistent with the idea that the learning of these tasks depends to a significant degree on the ability to acquire declarative knowledge.
In conclusion, several memory tasks, which were designed originally for the monkey, were found to be sensitive to human amnesia. The findings provide direct evidence that these tasks are valid measures of memory impairment in the monkey. In addition, it seems likely that monkeys with medial temporal or diencephalic lesions and amnesic patients fail these tasks for the same reason, namely, because of damage to neural structures important for the formation and storage of declarative memory. Finally, one task did not appear to demonstrate good correspondence between monkeys and humans, perhaps because monkeys and humans approach this task in a different way.
